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(57) Abstract: [PROBLEMS] To provide a semiconductor device fitted with MIS type field-effect transistor that despite use of a 
IT) High-K material of high dielectric constant in a gate insulating film, excels in low leak characteristics. [MEANS FOR SOLVING 
^ PROBLEMS] An MIS type field-effect transistor, comprising silicon substrate (1) and, superimposed thereon in sequence, insulating 
t** film (6) containing silicon and at least one of nitrogen and oxygen, metal oxide film (7) containing silicon and hafnium and gate 
O electrode (8), wherein the molar ratio of silicon of the metal oxide film (Si/(Si+Hf)) is in the range of 2 to 15%. 
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[oooi] *&wte, Mismnn&3kh7>i?x?&ifttt¥m{b&n&&xtt(Dm&x& 

[0002] i^^O. 1 mlfcf^COCMOS (Complementary Metal-Oxide-Semiconductor 

2 

V^o ffSl. 6nmcDSiO fi, f&IW&tfffivyfcib, y— *tt«fcfc:J:5?B*«2jia;bnJ: 

2 

^tjf^^'l4^fi : ^-r5Logic7 :f ^^^.^*5V>T-r^^^gl|IST-fe5o 
[0003] SiO mifL 1 • 6nm©*ft*BI**S:l53iU *»ofl£!J— ^4#ttSr#Sfc* 

2 

{cf±, sio «j;i3jt»i«^(7?i«v>fi-3isKHigh-K*t3N-)s:fijfflL, mmmm&m<-rz> 

2 

rt^^x-foSo -Wl^-Wf; SiO oioflj ^tb^m^^o^^fij^-rtLf^s sio 

2 2 

[0004] vfrisftfrtb. ztib<D&m&Mkmz. ls&s^shz.?— Y^BMk\^xmx-r^> 

2 
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5>tei*Stcfiii8x.srtis-c#-f , mz-&ZrO te900 < CUA±T-#flf U 

2 

2 

[0006] t£oT, MW^^rSiO J;%il<Loo, a»oLSI^n-fe^"CfflV>fe)h*iaiSKi3V^ 

2 

[0007] ±iE3?#&i*fci-fc#<B**w— ottx, i^v^mitrntiyv^sx^cD^m, 

(Dmitri t(D^mtmtm^tlX\^ 0 «Atf, TI-Si-a*\ Zr-Si-CX Hf- 
Si-O, La-Si-O^^aS-tOASW^t^tUT^rf feiX*o rtbb^*t^(4> 1000 

[0008] L^UetfSb. rSLfctmf-^Tte, M^^-^-fS-ii-io-t, -fcoJtra 

stL5SiON*©n?a«iJt«ft*&6a*i:%A.*brtr, rtib^mti-cv>^y=^ 

[0009] ^Jx.{^#^2003-8011#-^^^tt, HfXteZrtf)— cO&Jg, KJfX^ya^Sr 
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^<7)£l$c£MxSiyO ({§. Lx > 0 loy > 0) i^lEbfc <b# tC, MW.^kf&£fe&(D 
&frt±>0. 23^y/(x+y)^0. 90, &&\<HZitm&m&km£fe&<D&frbO. 23 
^y/(x+y) ^0. 30-Cfo-5wt^$f*UV^ird5|a«c^tu-CV^o 

[0010] ±i£b7cj;9^, ^*OSiO (£7tteSiON) h^^^High-K^JN- 

2 

toon] ^x*mw<D i y—h^m^itmn,m<Dm^^Hi S h.-Kun : tm^^i)^ 
[0012] *&mte. isv=>>-mfab. witi->v^MW.±^^ti. mm&xTf&mwj? 

[0013] */c, &m)%nkvx^m&m^7~yj*kmm&mi/v=*>, mtmt 
LX7k%m^>v^>Rxfs^7~v^%^ts&m^k^<D^te&&Xfex&^x, 

7Ktf>frJ££lE-6Torr(l. 33 X 10" 4 Pa) lE-5Torr(l. 33 X 10" 3 Pa) SXTiC 
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[0015] &tz.&&w<Dgkm%miz£tii*, mmmcmtiM.^itmn,m<Dm\<^Hig,h-Ktt 
'mutest 1 — vm^mamibti, zjmz.£*> s ^mw^m.<Dm.my°^^\z.-$on^ 

[0017] ^a^©^l^l^J©^0^(^S:oX, ^pkoHM^o HH-> ^3§i33 

<D— ^jfe^?g#J<D^&T'f^§!iL;fcMISFET<^fcM (EOT) bf— hV — 

[0018] M^(-^fco-c % ^y^{\oom±.\zLft%mm:hort. ^v^^-^^m^ 

2 2 

/H:b^(Si/(Si + Hf))^i3%-C-fe5HfSiOlliSr7T^Lfc 0 ^(D^ QOOXHOftO 
T=-—^MM^SS.5 X 10~ 3 Torr<Z>^#T"CfTV\ i^T800 o C30#CE>^^f cpT 

[0019] Ellic^-rj;^, S'!J=>'«r£*rLfcV'MfO h^v^fc^fwti, 

2 

BtmW24T*£>9HfO (^^^o^W^bd^ofCo £fc, bV~ ^HfO 

2 2 

[0020] ±ifi<^i*5<9> #^»fiM<^&#mf3\ MISFET©^— h^m^M^ir^ 
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isy^-ytD^rfritm (Si/ (Si+ Hf) ) #1 5%£-Cf4»$£ A/if 3E{kL*V 1 5%&jg 

-1 V£>fl|J£) t?^LTV ^So 
[0021] MISFETtf)^— MfeHdRMu JilBaW^ya^^SiwRiS, ^y^W*—^ 

2 

1. 2nm(D±(cm^^^/?-C*^tLW^b > 600«ClO#©T=—A*»##JEE5 

XPS$J^C£>|£Jjt:, HfSiO(DSicD^/WJt^(Si/(Si+Hf))(4l3%-C$?ort 0 
[0022] JblEtWfc, 500^20#cD7kfif Tn^MS&^LfctgL B68H. 3 X lO^cm" 2 ^ 

mmzmm^x, mm-^^>^Mcv)^, xu 5 , «je-««e (iv) wttsriw 

, MISFET^— N^^rW^n-fe^tCiSlgSSr^l^i-S-t^^^So CVJUJ^O 

m!), HfO fcitmfSiOit^* B&*fc#*E^<0#£f4»«>k*vF > 

2 

OcDSTSWHf O BI<Dfc©£l^g£-Cfc3£.£&*iftL-CV 



[0023] ■ ffl5iz.Mfcm&&m&ky~hv—?ie.ub<DW&t:&vfz* mtm^n^mtc 

2 
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2 

[0024] fcmW<Dm.mte±lzSlT\^-f- ^9&5£%;iibtL£o 

m-&te&£hm&<DmkX'&2> o m6(a)RV(b)teZ:}l?tl. 1. 2nmOSiO _h 
{CHfSiO&tmfO £3. 5nmfifeffllU lOOO^C, 10#<E>y— ^-KW^tftT^ 

2 

*ft!jQUfcV^-g>U:tt: % HfO Oi/U^O-y-^XfilOOnm—SOOnm-r-foS^N IU6(a) 

2 

[0025] jsmtom—M. n rau s^:'**^^**^ asfifcutHfo rt^^y:^ 

^2ggE &^ttm (Si/ (Si+Hf) ) ) ASl5%*T?t43Bfft f {c«tA/^y=^»±#*E 
, HfO Wjg&ttasJWi-U ^Jltt^iS^HfO 3jgSt?»fe^5^«*d s «^U T^E- 

2 2 
2 

2 2 

SrilrtKiSiaSAD, HfO ©ISftttSrfflWkS*, ^O^mibTHfO oRt*«rf 

2 2 2 
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[0027] SXtvU^tM^ fflLm^^tlZi/V^te. HfO W^ B B H ^b^*5V^T^W^ 

, HfO ^ f f H Wi& H B B 14£Sfc£it-f , *©ig*£UT««i*t:W4>£*#v\ *W 

, ^P^©a^ 5 +^t#^Ofr>^^lS &)\>$cM (Si/ (Si+Hf) ) ) ^2 

[0028] kt(u, *mw<D-mmBmmimz>mmjjm*. ^M^m^y^^^mitm 

[0029] I218(a)-(d)tc, J^^Jl^&iV^tL^^^^J:^^-^-^ 3 ^^ 

^y^@£teJgl&^j&U[l]8 (a) ) , /^^i^^S*^* (08 (b) ) N 

tk^^ut, &mi,tz^7~v-j»mn*mk-rz> (ins (c) ) . tk^+^-^-^i- 

3 

^^Mfe^T5(H8(d))o Hfo i^y^&^^-frsst-a^*, toiitcffia 

2 

-r5^^/vrt^SiJ^^=Sr^*&U, HfO tSiO ©«tt«3t*7^^i-6. w©J:3ft 

2 Z 
2 

z>cvr>mmmztix^z>o s&^is&zm&^n, smm-bmmzmAu m 
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2 

[0031] 139(a) ~(d)K^ ^JBWO'^ya^^^^^AiMbBKHfSiOiOOjIIJt^n 

^mtm±^. sij%nkHmntfr<DmmMM*ft^xf&m-rz>m9(b)) 0 & 

^ktt#B858tT-CT='-/w*m^ (09(c)), ^©tiu^lSi4#iITt?7= 
— ywSrfT5(BI 9(d)) „ 

[0032] — JSgWt-^*HfI!SWXlJ ? *«SilS3p|-fi*i<oSfStt* s iS5<, »I!1T5K*JDR»« 

0^"10" 5 Torr(l. 33X10~ 4 -1. 33 X 10" 3 Pa) |tfiJtffl^E«rt©*^ffiSr«lJ«I'r5 
[0033] HlOfi, MOCVDr*i-J:^^h7 :3 r^v J ^^^T5:/^^7-^A(Hf[NEt ] )Srffi 

2 

Torr(l. 33X10" 4 — 1. 33 X 10~ 3 Pa) <0B#fcJ8S*&*4iOH£*&V^frfcte< 

Wi5rWS-C#5r bifit>t*Z>. y-Yv^r^^^T^J^y=^J^ (Hf [NEt ] ) b 

7kb<DJx.fc\-±, 
Hf [NEt ] + 2HO ^ HfO + 4HNEt 

2 4 2 2 2 

bm&ztiZo Hmn^^mm-i^^^r^b^misLir^iiK 

O^Torrd. 33 X 10" 4 Pa) »T^5fc5|5S*S©*«aSfc**i-<5itt**S«+fc®t 

*0>l!H£fc5. 7K^i3E^iO" 5 Torr(l. 33X 10~ 3 Pa)£j®;t5<t 
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[0034] riciijt^oastEaft^so^CBJiT^asbv^ r*u4, tyj**&=&>vt%j'>v 

2 4 

[0035] *idtfflt^jSfe-Cf4, ^«|gitrt©*^flE«r, *o*A*i:l***«r— Jfeic-f «ri 

[0036] HfSioojdciBKnovvc, $&K:A#ttj«*#&¥rrcraW'*-*. 

2 3 2 

T— — /Wgr^iSf #1£5 X 10~ 3 Torr(0. 665Pa) <£>^#T"C?Tofc 0 
[0037] HHKC, Hf^3)Sj.(75^4$rO. 6sccm^@^bfdt#0, SiJD§C£|-©«E*£l!|tf»a>Si* 
ft (^Ht* (Si/ (Si+Hf) ) ) iOK^^^-To Si«ftte**|S|-* oBOXPSffllfcfc: 

[0038] |2|12{C, ^^^cDS^^^^^^^^feitPJlSSOmmC^^^TOmm)^ 

2 

—hMiSOl^— ^tSiStSA^Wf— *f4IHC5£ft-C*>t>* »>3^>®rt"t?iaj*<Z>*&Jt 
[0039] Sfc, &MEMt:lR7gjfti$v Jft^-C^SrfWrU 500 , C£A.h-eiMfct£#ia$& I f , T 
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-To 

too4o] ±&<Df&mT.m<Dmzte, mit^m^.rxr=--^n^^m^.^\ 

[0041] ±K6<z)^^xm^*JJ;0^xMwT--^^>^t:tt#iaMf4, SMfctfetf* 

2 

O^TorrCl. 33 X 10~ 2 Pa) &>±. s *&JGE&T<0«£ia^»:a:!S!^3wia s, ?#3. 

[0042] ^MX@<7)^fo5V>fi^bi4#lffi^TWT--/v^tc:, TOt£#ffl^T 

*LV\, £fc, JlfttfO^^, 1000 < C^T-Ctr5-i:^$f*b<^ 900 < C£IT'C 

[0043] _ha&©Hfsiofli^ ritK«ica[*s:i»AbTi>j:v\ mm^rnxn, m*. 

fi, 7^= T#ia^ c t :I 800 o Cm^-e^T^— /V^a N £>5VM3:400 o Cfl^-t?<D^ 
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[0044] titc. ±.&<DHfSiOm±lZSiKm<Di/V^mkm*&^^h&\ 

^k&X%Z> 0 

[0046] sxr. n®sr#mboo % &mw<D-mifcKmmiz&z>MisFET( 

Metal-Insulator-Semiconductor Field Effect Transistor) RTfZOM&Jjfe&t&VM'i' 
[0047] HI 14 (a) - (d) ^#^LT*»^^lJ^MISFETO®{5t^fe5rIft!^i" ; 5 

o 

tS^^HFTK^^T-toaLTv-y^V'StS^®^ £ #^-fyfl£[&35U RTA (Rapid 
Thermal Annealing) m^£^xm%>-l . 2nm<D&8tik1l&6$:1&f&1rZ> 0 Z.<DWt4t1& 

mM^m^^tf^m%^m^x^xm^mm-r^t^x^^,m^^if 
[0048] MocvBrnM, smmio%<D&mmtii&7 (Hfsiom 

:?yyv7=?.k(Hf[NEt ] J^t^hy^^^T^yv-y^^CHSi^Mt ] )£fflV\ 

2 4 

H 0<bcO[DB##fe|g^-t--5^i^«t 1 9^cfli^ : fTofc(|lI14(a)) 0 Tkte^^n— =iVr-D 

2 
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— 9t-«toT«tt**«!l»b, J&^©7k#JE{£8X10^Torr(l. 064 X 10" 3 Pa) fcU 
[0049] 600 < ClO#C9T=— /WSr^^JEE5X10" 3 Torr(0. 665Pa)0^#T-C 

[0050] ^5UT»J**^fcA«IWUi7±»aKy^=>'ffll8Sr»fiJ6Ufc(Bll4(b)). ^-h 

[0051] jKy^ya^si8*ms©^5KJ^pxbr^— h«fiisr^ufc«, 

h«SJg*tfci ei^Wl^v ^Jt«Jl«igE4Sr»riW* (H 14(c) ) 0 

[0052] ^^^aA$tL7 v c^-hm^©ffite{t:^a(iooo t c^-h)^ofc^, y 

g£)*rf?o;fc(EI 14(d)). 
[0053] ^V^m^3©±SB©^Jl^bJ^7*5j;^®*6^6^^*L, ^(0%.\^ 

aS©XfST*1^lMK5£^J5fcU EH3(C^^tuSMISFET^r#7t 0 
[0054] ±^UfcMISFEm;^a^^fflV^HTV^XflWg||g||^ffiUfc^J£ 
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[0055] [Ell]l2llf±. MISFET<Dift^Jg||ftjflW(EOT)t^— Ml— ?mMQ&) t<DM&%: 
[H3]HI3tt, &«®£/BV^C$!]^Lfc:HfO IKiSitmfSiOIROCV^ttSr^-r^' 

[me>M6 (a) &U<6 (b) rMrJVPtU /^fc*5ttSSiO _h©HfSiOJ8£ftl*Hf 
O i©TEM?St?&§. 

2 

tm7]m7(±, tem EELs^£m^L.tc&gk*<Di'y^mjgkm±ft<D^v^m 
[H9]m9 (a) - (d) fs^ti^tu *$&w<d— nmmw^m\^n^H.isio^<Dm^L 

2 

[HI 1 1 1 MOCVD&^iSHf SiOJII<Dj&13ll£:kV vc; Hf J^^aSr^ 

[013301 3tt, #38 IE©— ^jtefl^#J(BMISFET©«^W»r®E"C$>S» 
[Hl4]Hll4 (a) - (d) tt-tavea-u #*3I3©— »^flW©MISFET©«5ft#ifc 
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<d— njBaP»**i"»f®BI _ c*>5o 
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ci] *>v=<^m&b, 

mm&mmtm * <o*yy = >(o^vit m (si/ ( si + Hf ) ) & 2% & ± 1 5 % w tx 

6Torr(l. 33 X lCf 4 Pa) U ±, lE-5Torr(l. 33 X 10" 3 Pa) ^TtC-T^rt^mi: 
[5] jtfifE^I&^JS^y^tfShy;^ 

[io] «iiEA«ai'fkJi»K^«p, ^^■cfifeiK* i f wfu 5oo < c^±-c^btt#H^ c pr 
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[17] n&gi— 3<Dm^i^\^M(o^mwmw^w^r^mx^x, 

[19] ff^Jgl — SOM^^l^t-IE^^^^^S^is-rS^^-efeoT, HUfE^ 
[20] ff^l — 30{BTtl^l ^{C=E^cO^W^g^igi--5^^T*S>oX, SulE^ 
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[1215] 
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